ABSTRACT: We have estimated the haul-out population size (total number of females) of the northern elephant seal Mirounga angustirostris from Isla San Benito del Oeste, Mexico, during the 2001/2002 breeding season. We used mark-recapture data and a method of maximum likelihood supported in a binomial probability density function. Because the number of females on land is not constant during the breeding season, we used 3 different estimations: 1 before the peak of female abundance, another near the peak, and 1 after the peak. An additional estimation was computed using the 3 samples within a joint binomial distribution. The haul-out population size estimated with the joint binomial distribution was 761 females, with a confidence interval from 712 to 818 females (p < 0.05). The proximity of the 3 Islas San Benito have caused almost all censuses reported in the literature to show the total counts of all categories of sex and class for all 3 islands together. This study provides the first estimate of the total haul-out population size of M. angustirostris from one of the Islas San Benito. From the historical trends of abundance for this species, we can assume an increase at the Isla San Benito del Oeste between 1950 and 1980, but 
INTRODUCTION
Marine mammals have been an important commercial fishery resource and different species are harvested or hunted, i.e. bowhead whales Balaena mysticetus (Punt & Butterworth 1999) , Atlantic harp seal Pagophilus groelandicus (Stenson et al. 2002) , or northern elephant seal Mirounga angustirostris (Le Bouef & Laws 1994) . After the extensive hunting in the 19th and early 20th centuries, the northern elephant seal was declared extinct, but in the early 1910s a small group was found at Isla Guadalupe (Bartholomew & Hubbs 1960) . Because the northern elephant seal and Isla Guadalupe were declared under protection by both the American and Mexican governments, the population size has shown a notable recovery. Stewart et al. (1994) reported, during 1991, a total population size of 127 000 individuals. To obtain the needed data, different techniques of stock assessment have been used for marine mammals. In cetaceans, the use of the line-transect method and capture-recapture based on photoidentification are the most common (Barlow 1995 , Calambokidis & Barlow 2004 . For pinnipeds, the most frequent method is the use of direct counting (Boyd et al. 1996) . In both, mark-recapture experiments have been used (Hammil et al. 1992 , 1998 , Whitehead 2001 ).
There is a great deal of information on the population size and trends of abundance of the northern elephant seal colonies of California, but data from Mexican colonies are scarce. We do not have enough evidence of the trends (Stewart et al. 1994 ), because we do not know the historic variations of their population size. Because of the annual cycle of the species (the entire population is not ashore all at once), the most satisfactory manner to estimate the population size is to use an approximation of the total number of females during the breeding season or pup production (McCann 1985 , Boveng et al. 1988 ). The breeding season of the northern elephant seal is in winter, and the female distribution has a marked seasonal pattern, with a peak in January (Le Boeuf et al. 1972) . In studies where mark-recapture data were available, the estimators assumed lognormal distribution (Smith et al. 1999) , binomial distribution (Whitehead 2001) , or multinomial distribution (Hilborn 1990) , and the use of different density functions to obtain the best accuracy in the abundance estimation (see Hilborn & Mangel 1997) . We have estimated the haul-out population size (total number of females) of Mirounga angustirostris that arrived at Isla San Benito del Oeste using a likelihood model based on a binomial distribution. In this way, we wanted to minimize bias and maximize the precision of the estimation.
MATERIALS AND METHODS
Field work was done from 19 December 2001 to 18 February 2002. The study area was the northeastern region of Isla San Benito del Oeste (28°18' N, 115°22' W) (Fig. 1) . Here, there are 13 beaches where the elephant seals Mirounga angustirostris arrived for haul-out and breeding. During the field work, on only 7 of these beaches did the females form groups. At the peak of breeding season about 50% of females on the island congregated on these 7 beaches. We marked females on these beaches on both flanks with an individual code using hair dye (Le Boeuf & Peterson 1969) . The marking began at the start of the field season and continued until no unmarked females were found. We tried to mark each female on the day of arrival to follow each individual systematically throughout its stay on the island (García-Aguilar 2004) . During the breeding season, we marked 350 females. Daily counts were made in the study area to obtain data on the number of females marked, and once a week we made a count of the total island to determine the total number of females. Because the number of females on land is not constant during the breeding season, we used, for the analysis, the maximum number of marked females counted in the study area in a single day. This was done by making 3 censuses of the whole island: (1) 1 before the local peak, (2) another near the peak, and (3) 1 after the peak (the peak was defined as the maximum number of females on land). Thus, we performed 3 different experiments of recapture in the study area (Table 1) .
The estimation of haul-out population size was computed using the binomial probability density function. When we used binomial probability, we did not use a deterministic approach, because the binomial probability is not necessarily a symmetrical distribution. We analyzed the data assuming that the recapture is an event of presence or absence; in this way, the spatial distribution of females at the island was not considered normally distributed (see Appendix 1 for details). Instead of using the deterministic model (i.e. Hart & Gorfine 1997 , Lowry 1999 , Smith et al. 1999 , Forcada & Aguilar 2000 , we used the following maximumlikelihood method: Islas San Benito (1) where δ is the number of individuals in the sample size, η is the number of marked individuals recaptured, and the proportion (λ) of elephant seals that are marked is φ/N, where φ is the maximum number of marked females counted (φ = 225 females), and N represents the haul-out population size, which was estimated when Eq. (1) was maximized. We estimated 3 different N-values with their confidence intervals for each census. However, because we had multiple observations and these were independent of one another, we used a joint binomial distribution and analyzed 701 hypotheses about the value of N, where minimum and maximum N were 300 and 1000 individuals, respectively, with increases of 1 individual per hypothesis. The joint estimator was:
where O i represents the independent observations defined as ln L(η n |δ n ,λ n ). The difference among independent observations is the number of marked individuals recaptured, and in this case the λ value was estimated when the joint distribution was maximized (Haddon 2001).
To estimate the confidence intervals, we used the likelihood profile (Venzon & Moolgavkor 1988 , Hilborn & Walters 1992 , Hilborn & Mangel 1997 , because it can be used to determine confidence intervals for the parameters either jointly or individually. The confidence intervals for n parameters were estimated based on the χ 2 distribution with m degrees of freedom (Zar 1974) . For a single parameter p, the confidence interval is defined as all values of p that satisfy the inequality (Polacheck et al. 1993) as: (3) where L(Y |p est ) is the log likelihood of the most likely value of p and χ 2 1, 1 -α are the values of the χ 2 distribution with 1 df at a confidence level of 1 -α. Thus, the 95% confidence interval for p encompasses all values of p that are twice the difference between the log likelihood and the log likelihood of the best estimate of p, which is < 3.84 (Kimura 1981 , Polacheck et al. 1993 .
RESULTS
The estimations of haul-out population size and confidence interval (CI) for independent census samples were: Sample a : L = 0.039, N = 733 females (CI = 646 to 842, p < 0.05), Sample b : L = 0.034, N = 878 females (CI = 782 to 994, p < 0.05), and Sample c : L = 0.032, N = 684 females (CI = 620 to 760, p < 0.05). The likelihood profiles for the samples are in Fig. 2 . The estimation showed the variation as a function of η and δ values (Table 1 ). It was difficult to choose the best profile. The difference between minimum and maximum estimations was 194 individuals. Moreover, the profiles and estimations of confidence intervals for Samples a and c overlapped, though the likelihood value in Sample a was greater. The uncertainty in haul-out population size cannot be solved with a single independent sample. The sample size (δ) showed an increase from December to January and a decrease from January to February. Over time, the recaptures (η) increased, and in the third sample the individuals recaptured were almost all of the marked individuals ( Table 1) .
The haul-out population size estimated with a joint binomial distribution was 761 females (CI = 712 to 818, p < 0.05) and L = 4.22 × 10 -7
. The likelihood profile includes the 3 independent samples (Fig. 3) . The objec- Haul-out population size Chi squared probability Fig. 3 . Mirounga angustirostris. Likelihood profile of haul-out population size for joint binomial distribution (solid line) and confidence intervals defined by χ 2 distribution tive function was maximized using 3 different sample sizes and recaptures. This estimator is useful when females have been marked and recaptured over nonuniform and nonrandom spatial and temporal scales, so that the probability of recapturing an individual depends on its movement. As a consequence, the assumptions of normality and standard methods are not valid. This result is near the estimation computed with Sample a, but with less uncertainty in the CI.
DISCUSSION
The most common way to estimate the population size in pinnipeds is to use pup counts, but sometimes it is difficult to obtain a good count when groups are at high densities (Rothery & McCann 1987) . Another way to estimate population size is to use the haul-out population size, because this could reflect the general status of a colony. This study provides the first estimate of the total haul-out population size of Mirounga angustirostris from one of the Islas San Benito. We used the binomial distribution, because it is commonly used in mark-recapture data, where a discrete number of individuals are analyzed (Hilborn & Mangel 1997) , and because this distribution does not assume a 'bellshaped curve' of the data. Galimberti & Sanvito (2001) published an interesting review about empirical models that assumed a normal distribution of arrival of southern elephant seal Mirounga leonina females. They showed that assumptions regarding the shape of the arrival and departure processes are modeled by a symmetric, accumulative normal distribution according to Rothery & McCann (1987) . The main advantage of their model is that it is easily converted into biologically meaningful parameters. However, they observed tails longer than expected, so that the assumptions of the Gaussian model could result in a bias in the estimations of these parameters (Chen & Fournier 1999 ). When we used the binomial distribution, we considered 2 principal advantages. The first was that the parameters were estimated by numerical optimization of an appropriate likelihood function, and the likelihood function had a well-defined maximum, within the range of feasible parameter values. The second advantage was related to the use of different samples of the same population considering a joint binomial distribution, so the objective function used the total number of samples available, reducing the bias and variance in comparison with assumptions of deterministic approaches of normal distribution (Haddon 2001) . When the deterministic models were computed, the main source of error was measured in the confidence intervals of the abundance estimates. Our approach shows more advantages in comparison with the Chapman or Petersen method (Hammil et al. 1992 , 1998 , Galimberti & Sanvito 2001 , Stenson et al. 2002 .
When we analyzed the computations for each sample, we observed a large uncertainty in the estimation of females at Isla San Benito del Oeste. If we used the minimum and maximum values estimated from the likelihood profiles, the difference was from 684 to 878 females. When we analyzed the estimated values in Sample b, it represented the number of females near the peak with 878 females (CI = 782 to 994, p < 0.05), and we noted that this value was greater than the estimation of 761 females (CI = 712 to 818, p < 0.05) computed with joint binomial distribution. We believed that if only 1 count is obtained near the maximum peak of the breeding season, the data would overestimate the abundance of females, because the joint distribution expressed in Eq. (2) increases its performance when the samples increase in number. The samples are independent, and the estimations were different (Fig. 2) ; however, the best estimation is shown in Fig. 3 . It corresponds to the joint distribution. In Fig. 2 there is great uncertainty about the haul-out population size. Effectively, we concentrated our efforts on counting marked females around the peak of the breeding season ( Table 1 ), so that we would obtain data on when the main quantity of females were on the island. With mark-recapture data, we have the advantage that the recaptured animal is not dead and can be identified many times, giving the technique much more potential power. The main problems could be poorly marked animals, changing marks, and a range of factors producing what is known as heterogeneity, which biases population estimates downward and occurs when some animals are more likely to be recaptured than others. Such differences among individuals could result from their movement patterns, their behavior, or for other reasons (Whitehead 2003) . Although the heterogeneity is associated with field work, its effect increases when estimators with normal distribution are used, i.e. the Petersen estimator (Whitehead 2003) . We believe that our estimation with joint binomial distribution improves calculations of the haul-out population size of northern elephant seals because it uses 3 different samples (Fig. 3) .
The Islas San Benito had an important role in the recovery of the northern elephant seal. The history of the species includes an intensive hunting period during the 19th century, so that by the early 20th century the species was declared extinct. In the early 1910s, a group was found at Isla Guadalupe (<150 individuals), and some years later, in 1918, a group was found at Islas San Benito. During 1938, the first evidence of reproduction from Isla Guadalupe was reported in those islands (Bartholomew & Hubbs 1960) . The total population size in 1957 was estimated at 13 000 indi-vidual residents at Isla Guadalupe, Islas San Benito, and the Channel Islands (Bartholomew & Hubbs 1960) . Unfortunately, the development of the San Benito colony was not followed systematically, and it is now difficult determine if in the last decades the colony has increased.
Because of the proximity of the 3 Islas San Benito and the interchange of animals (M. C. García-Aguilar unpubl. data), San Benito del Oeste could be taken as a part of a major colony, the San Benito colony. Under this consideration, almost all censuses reported in the literature show total counts for the 3 islands together (Stewart et al. 1994 ). In addition, the censuses were made after the local season peak, and no correction factors were used. If we take the data of Bartholomew & Hubbs (1952) and Rice et al. (1965) , who reported total elephant seals counted at San Benito del Oeste (all categories of sex and class) as 183 animals (February 1950) and 622 animals (February 1965), and Gisiner et al. (1980) , who reported 212 females in February 1980, and use the correction factor determined by García-Aguilar (2004) , the estimated haulout population size for each of those years was 174, 512 and 728 females. This correction factor was estimated using demographic data collected during 2 breeding seasons at Isla San Benito del Oeste, and it was based on the Rothery & MacCann model (1987) . Because in our estimations we calculated the haul-out population size as 761 females and although we have incomplete information about historic haul-out population sizes and densities of Mirounga angustirostris, we can assume an increase at Isla San Benito del Oeste between 1950 and 1980, but cannot detect any change in abundance between 1980 and the date of our study. We have made a recent estimation of the number of females of M. angustirostris at the Islas San Benito. We do not know if the haul-out population size is stable or if it is increasing. This study must be continued to compare the trends in abundance over time. 
